The n\ain part of newly synthesized DNA is preferentially released in vitro both by non-stimulated or phytohemagglutinin-stimulated tonsil lymphocytes. Freshly isolated cells excrete DNA faster than phytohemagglutinin-stimulated ones. The acid--precipitable 3 H-thymidine lost can be accounted for in the culture medium as labeled, double stranded DNA isolated on hydroxyapatite column.
INTRODUCTION
Lymphocytes, in contrast to many other cells are known to maintain their' ability to proliferate throughout their life. Though peripheral blood lymphocytes are usually resting cells with a very low level of "spontaneous" DNA synthesis, in the presence of phytohemagglutinin (PHA) or other plant lectins, they can be stimulated in vitro to synthesize DNA. An interesting feature accompanying PHA-stimulation of blood lymphocytes is a release of DNA into the culture medium (1, 2, 3, 4, 5, 6) .
Although a number of hypotheseo have been put forward to explain the role of excreted DNA, the question is still open whether or not DNA release is connected in some way with the nonspecific stimulation of lymphocytes.
The most striking difference between tonsil and peripheral lymphocytes is a high "spontaneous" DNA synthesis in the former (7) . Therefore, the use of tonsil lymphocytes offers a good possibility to decide whether non-specific stimulation is a prerequisite of DNA release with lymphocytes.
In the present paper DNA excretion by both non-stimulated and PHA--stimulated tonsil lymphocytes was followed in short term cultures. The newly synthesized DNA excreted from these cells was also purified for further characterisation .
MATHERIALS AND METHODS
Celt source. Human tonsil cell suspension was obtained from 3-6 year old children. Lymphocyte suspensions were prepared as previously described (7) . The working cell suspension contained over 90% viable cells measured by the trypan blue exclusion test. More than 95% of the cells were lymphocytes, less than 3% were phagocytic cells, and 1-2% had monocyte-macrophage morphology (7).
Culture conditions and culture media. The initial cell number was 1-2x10 lymphocytes/ml. The cells were cultured in 2.0 ml volume under conditions as previously described (7) . Lymphocytes were suspended in Eagle's minimal essential medium (MEM) supplemented with 10% heat inactivated human AB Rh serum, glutamine (300 mM), and antibiotics (Penicillin G, 100 ug/ml, and Streptomycin, 100 ug/tnl). Phytohemagglutinin (PHA-P Difco Laboratories) was added to the cultures at a final concentration of 0.5,/al/ml.
Determination of H-thymidine incorporation into DNA. Freshly prepared lymphocytes were pulsed for sixty min. with 1. 5iiCi/ml H-thymidine immediately after preparation, or after 48 hrs, at the new peak of DNA synthesis, in PHA stimu--7 lated cultures (specific activity 26 Ci/mmole, final concentration was 2.5x10 M, was performed in the same way as in the case of H-thymidine. After C-valine labeling the washed acid-insoluble precipitate of the cells and of the media was hydrolyzed in 1 N NaOH, and the radioactivity was counted in the same scintillation cocktail as described for H-thymidine (7).
Determination of DNA and protein. DNA was determined in PCA hydrolysates by the method of Burton (8) . As standard calf thymus DNA (Chalbiochem) was used.
Protein was determined in NaOH hydrolysates by the method of Lowry et al. (9), as standard crystalline bovine serum albumin was used.
Purification of DNA on hydroxyapatite column. DNA was isolated from lymphocytes and from the culture medium according to the method of Meinke et al. 7 (10) . Lynphocytes (4-6x10 ) were lyzed in 0.24 M sodium phosphate buffer, pH 6.8, _3 containing 1% sodium dodecyI-sulphate, 8 M urea, and 10 M ethylene-diamine-tetraacetic acid, and the crude lysate was applied to a column (2x2 cm) of hydroxyapatite--SC (Serva). RNA and protein were removed from the column with 0.24 M sodium phosphate buffer containing 8 M urea, pH 6.8, and urea with 0.14 M, sodium phosphate buffer, pH 6.8. The flow rate was about 2 ml per minute and 5 ml fractions were collected until the absorption was less than 0.10 both at 260 and 280 nm,
The culture medium of the cells (30 ml) was first concentrated in-a saturated polyethylene-glycole 20.000 (Fluka) solution to about 2-3 ml. The pH of the contentrated medium was adjusted to pH 6.8, with 0.24 M sodium phosphate buffer, 8 M urea • and 10 M ethylene-diamine-tetraacetic acid, and processed as described above.
The protein content of all the fractions was measured by the method of Lowry et al. (9) . DNA was measured by a diphenylamine reaction (8) . For the determination of radioactivity in DNA 0.1 ml aliquots from each fraction were hydrolyzed in 1 N PCA at 90 for 30 min, and 0.1 ml was counted in toluene based cocktail as described above.
RESULTS

O
Loss of acid-precipitable H-thymidine from non-stimulated tonsil lymphocytes.
When human tonsil lymphocytes were cultured over a three-day period the number of viable cells remained within +20% of the initial count. At least 90% of the cells counted on any day for three days, were viable as judged by trypan blue exclusion. However, the amount of DNA in the cells, as measured by the diphenylamine reaction (8), either dropped after three days, or remained unchanged (Table 1) .
Two experiments in which the most extreme variations in DNA content were observed, are presented in Table 1 . It can be seen that whereas the protein content of the cells remained constant and the DNA content of the cells either dropped or remained constant, the amount of newly synthesized DNA in the cells decreased over the culture period. This decrease of newly synthesized cellular DNA was accompanied by a concomitant increase in acid-precipitable counts in the medium (Fig. 1.) , in amounting on the 3rd day of culture to about 80 to 90% of the intracellular counts 
Loss of acid-precipitable H-thymidine from PHA-stimulated tonsil
lymphocytes. Non-stimulated cells were pulsed with H-thymidine immediately after their isolation from the organ, while PHA-stimulated cells were pulsed on the second day of culture both for sixty min. As can be seen in Fig. 2 ., cells with "spontaneous" Q DNA synthesis lost their acid-precipitable H-thymidine faster, than the PHA--stimulated ones, though the latter were kept in vitro for a longer period, than the unstimulated cells. The main part (80-90%) of the radioactive material excreted into the medium was acid-precipitable, alkali resistent (0. 5 N KOH for one hr at 37°C) and DNase I sensitive (data not presented).
Loss of acid-precipitable H-thymidine as a property of living cells. Attempts to determine cell counts and percent of cells excluding trypan blue at different times,
proved to be non-reproducible, neither specific nor sensitive enough. Therefore, the selective nature of DNA loss was considered as an indication of cell viability.
Experiments were carried out in which non-stimulated lymphocytes were pulsed with H-thymidine, H-uridine and 14 C-valine in parallel cultures. The results of a representative experiment are shown in Fig.3 . The cells were pulsed immediately after isolation and then the fate of the three isotopes was followed for 3 days. About 25% of the acid-precipitable 3 H-thytnidine was lost from the cells during the first 24 hr after the pulse label. In contrast during the same 24 hr period, the amount of intracellular separately on hydroxyapatite columns as described in Methods. It can be seen that the DNA of the cells (Fig.4a) a r e characteristic for nucleic acids. The DNA contained in the culture medium was also eluted by above buffer, but could be characterized only on the basis of radioactivity (Fig.4b) . The radioactivity not bound to hydroxyapatite is in all probability free H-thymidine and amounts to 50% of the total counts.
DISCUSSION
The present experiments show that newly synthesized DNA i s released both from non-stimulated and PHA-stimulated tonsil lymphocytes during in vitro culture.
The main part of the released DNA was isolated as double stranded DNA by chromatography on hydroxyapatite column. This suggests a low nucleolytic activity in the medium.
Several lines of evidence indicate that DNA excretion by lymphocytes cannot solely be due to cell death (1, 2, 6) . We have also shown that the release of H-uridine, C-valine and H-thymidine labeled acid-precipitable material was actually selective with respect to H-thymidine.
The increase observed in acid-precipitable H-uridine during the first 24 hr may be explained by assuming the existence of a large intracellular pool of acid- -soluble ribonucleotides in human tonsil lymphocytes (12, 13) , which was converted by the cells to an acid-precipitable form. A much lower pool of H-thymidine has been found in lymphocytes and also in other cells (14, 15) . Obviously, some lysis or desintegration of the cells must be taken into consideration (11) , since the presence of cytotoxic lymphocyte populations cannot be excluded.
The release of DNA was substantially faster from freshly prepared non--stimulated tonsil lymphocytes than from the same cells after PHA stimulation, although the latter were kept for a longer period under in vitro conditions. This difference may be due to the fact that in non-stimulated lymphocytes DNA synthesis is the result of a specific induction by a given antigen or a differentiation process going on in the tonsils (16, 7, 17) . Moreover, such a difference may also result from the fact that (a) different type/s/ of lymphocyte population is / a r e / involved in the in vivo and in the in vitro stimulation.
Although no clear explanation can be given at present for the release of DNA from lymphocytes stimulated either specifically in vivo or non-specifically in vitro, a number of possibilities exist (1, 2, 6, 17) . Bogers suggested (1,2,3) that DNA ex-cretion has a role in the immune response since it might reflect gen amplification. In this case, however, the high heterogeneity of DNA excreted by PHA-stimulated lymphocytes, remained unanswered.
Data published up till now suggest that the release of DNA is specifically characteristic for lymphocytes (1, 2, 6, 17) . However, recently DNA release from nuclei of rat hepatocytes has also been observed in the presence of heparin. This release was accompanied also by a disappearance of histones (18) .
Concerning the excretion of DNA from lymphocytes the possibility of activation and release of a latent virus has also been suggested, especially endogenous C type viruses. These viruses are assumed to be involved in the immune response (19) .
Moreover, the release of DNA from lymphocytes has also been demonstrated in vivo after stimulation by bacterial lypopolysaccharide (20) .
We feel that apart from all the above hypotheses there is a much simpler explanation for a release of DNA from lymphocytes. It might also be supposed that excretion of DNA by lymphocytes is a phenomenon by which the cells get rid of their "extra DNA" by reverting from a proliferating state to their resting state in culture (21, 22, 7) . Further experiments are necessary to test the validity of this hypothesis.
